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1
METHOD FOR VERIFYING THE
ALIGNMENT BETWEEN INTEGRATED
ELECTRONIC DEVICES

BACKGROUND

1. Technical Field

The present disclosure relates to a method for verifying the
alignment between integrated electronic devices.

2. Description of the Related Art

There are available techniques that enable stacking of a
number of integrated electronic circuits (“chips™), in such a
way as to form a so-called three-dimensional structure, with
evident benefits in terms of reduction of the space occupied
by the chips; these techniques are commonly known as 3D
stacking and are preparatory to the achievement of the so-
called 3D packaging, i.e., of the three-dimensional structures.

Within single three-dimensional structures, it is moreover
possible to connect the chips contained therein in such a way
as to enable exchange of signals between the chips them-
selves. For this purpose, it is possible to resort to systems of
communication between chips, i.e., communications systems
that enable communications of a so-called “inter-chip” type,
thanks to the presence of a coupling between two or more
chips. The coupling can be of a so-called “contact” type, i.e.,
of'an ohmic type, in which case it can be implemented by one
ormore of the following: through silicon vias (TSVs), bumps,
pillar bumps, etc. Alternatively, the coupling can be of a
so-called “contactless” type, i.e., for example, of an inductive
or capacitive type.

Irrespective of the coupling type, in order to optimize the
communications between the chips present in a given three-
dimensional structure, it is important for the chips to be
properly stacked to form the three-dimensional structure. In
fact, a possible misalignment between two or more chips,
may not only prevent a correct packaging of the three-dimen-
sional structure, but may also involve a reduction in the pos-
sibility of carrying out communications between the chips of
the three-dimensional structure, given that the corresponding
couplings may be damaged on account of misalignment.

By way of example, FIG. 1 shows a misalignment within a
structure formed by a first chip IC1 and a second chip IC2, for
example, introduced during the packaging (or stacking) of the
first and second chips IC1, IC2. In practice, with respect to the
reference system X, y, Z shown in FIG. 1, the first chip IC1 is
translated with respect to the second chip IC2 by a deviation
Ax along the axis x of the reference system X, y, z. In addition,
whereas the second chip IC2 is correctly aligned to the refer-
ence systemx, v, 7, i.e., it has respective principal axes x",y",
z" aligned with the corresponding axes of the reference sys-
tem X, v, zZ, the first chip IC1 is rotated by an angle ¢ with
respect to the reference system X, y, Z, and hence is tilted by
the angle ¢ with respect to the second chip IC2. In particular,
the first chip IC1 has respective principal axes X', y', 7', and the
axes X' and 7' are rotated by the angle ¢ with respect to the axes
x and z, respectively. This rotation contributes to the mis-
alignment between the first chip IC1 and the second chip IC2.
Ina similar way, the first chip IC1 can likewise be rotated with
respect to the second chip IC2 by an angle 6 (not shown),
formed by the plane defined by the axes y' and 7' and by the
plane defined by the axes y" and z".

In a way similar to what has been described in regard to the
chips, techniques enable stacking of a number of dice, where
by “die” is meant the result of the step of “dicing” commonly
used in the processes of formation of the die. In practice, it is
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2

today possible to obtain three-dimensional structures formed
by a number of dice, in a way similar to what was previously
possible with chips alone.

Also for the three-dimensional structures formed by dice,
the misalignment between two or more dice may entail the
impossibility of packaging correctly the three-dimensional
structures, in addition to the reduction in the possibility of
carrying out communications between the dice, which are
uncoupled on account of the misalignment.

In order to detect the presence of a misalignment, tech-
niques are available that envisage the use of markers, which
are set on the chips/dice. Appropriate optical detectors deter-
mine the positions of the optical markers; subsequently, the
positions determined are processed in such a way as to verify
the alignment of the chips/dice.

The techniques based upon the use of markers enable veri-
fication of the alignment of the chips/dice with high preci-
sion; however, they are particularly costly and complex given
that they require the use of optical detectors.

Furthermore, different techniques exist, which envisage
coupling, by means of appropriate capacitors, the chips,
alignment of which is to be verified, and detecting the pres-
ence of possible misalignments on the basis of signals trans-
mitted and received on the electrodes of these capacitors, as
described, for example, in the U.S. Patent Publication No.
US2002/0191835, or else in the U.S. Patent Publication No.
US2007/0067115. These techniques are, however, subject to
the limits intrinsically associated to determination of the val-
ues of capacitance of the capacitors; hence, they do not enable
detection of misalignments in a particularly precise way.

BRIEF SUMMARY

An embodiment provides a method for verifying the align-
ment of integrated electronic devices that will enable the
drawbacks of the known art to be at least partially overcome.

According to an embodiment, a method for verifying the
alignment of a first integrated electronic device and a second
integrated electronic device is provided.

In an embodiment, a method comprises communicatively
coupling first and second integrated electronic devices
together through a plurality of reference capacitors; transmit-
ting a plurality of transmission reference signals on transmis-
sion reference electrodes of the plurality of reference capaci-
tors; receiving coupling signals on reception reference
electrodes of the plurality of reference capacitors; amplifying
said coupling signals, generating a plurality of reception ref-
erence signals; generating a plurality of reception control
signals as a function of the plurality of reception reference
signals; and detecting a possible misalignment between said
first and second integrated electronic devices based on the
plurality of reception control signals. In an embodiment,
detecting a possible misalignment comprises comparing an
expected relation between the plurality of reception control
signals to an effective relationship between the plurality of
reception control signals. In an embodiment, the method fur-
ther comprises the step of generating a reception reference
voltage, wherein the generating a plurality of reception con-
trol signals comprises determining a difference between an
amplitude of a respective reception reference signal and the
reception reference voltage. In an embodiment, the method
further comprises: receiving a calibration signal; amplifying
said calibration signal, generating the plurality of transmis-
sion reference signals; generating a plurality of transmission
control signals as a function of respective transmission refer-
ence signals; and controlling levels of amplification of the
calibration signal as a function of said transmission control
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signal. In an embodiment, the method further comprises:
generating a transmission reference voltage, wherein the gen-
erating a plurality of transmission control signals comprises
determining a difference between an amplitude of the respec-
tive transmission reference signals and said transmission ref-
erence voltage. In an embodiment, said transmission refer-
ence voltage and said reception reference voltage have asame
voltage level. In an embodiment, said steps of generating a
transmission reference voltage and generating a reception
reference voltage comprise using voltage generators of a
bandgap type. In an embodiment, determining the difference
between an amplitude of the respective reception reference
signal and the reception reference voltage comprises: gener-
ating a first current proportional to the amplitude of the
respective reception reference signal; generating a second
current proportional to the reception reference voltage; and
integrating in time a current difference proportional to the
difference of said first and second currents. In an embodi-
ment, the method further comprises: providing said plurality
of transmission reference electrodes on the first integrated
electronic device; and providing said plurality of reception
reference electrodes on said second integrated electronic
device. In an embodiment, providing said plurality of trans-
mission reference electrodes comprises forming said plural-
ity of transmission reference electrodes of a first geometrical
shape, and providing said plurality of reception reference
electrodes comprises forming said plurality of reception ref-
erence electrodes of a second geometrical shape. In an
embodiment, the first geometric shape and the second geo-
metric shape are a same shape. In an embodiment, said cou-
pling step comprises providing at least one coupling capacitor
of'a communication channel having a communication trans-
mission electrode and a communication reception electrode
set on respective ones of the first and second integrated elec-
tronic devices. In an embodiment, the method further com-
prises transmitting on said communication transmission elec-
trode a communication signal; receiving on said
communication reception electrode a corresponding commu-
nication reception signal; amplifying said communication
reception signal, generating a compensated signal; and con-
trolling a level of amplification of said communication recep-
tion signal as a function of one of said plurality of reception
control signals. In an embodiment, detecting a possible mis-
alignment is further based on an amplitude of said commu-
nication signal and an amplitude of said compensated signal.
In an embodiment, detecting a possible misalignment is fur-
ther based on the calibration signal.

In an embodiment, a system comprises: a plurality of inte-
grated circuits; and a plurality of reference calibration devices
integrated into the plurality of integrated circuits, each of the
reference calibration devices including: a reference transmis-
sion electrode of a reference capacitor on one of the plurality
of integrated circuit; a transmitter configured to transmit
time-variant communication signals communicatively
coupled to the reference transmission electrode; a reception
reference electrode of the reference capacitor on another of
the plurality of integrated circuit; a reception reference vari-
able-gain amplifier having a first input communicatively
coupled to the reception reference electrode of the reference
capacitor and configured to generate a calibration reference
signal; and a reception reference gain control block coupled
to an output of the reception reference variable-gain amplifier
and configured to generate at least one gain control signal to
control a gain of the reception reference variable-gain ampli-
fier based on the calibration reference signal, wherein respec-
tive gain control signals of the plurality of reference calibra-
tion devices have one or more expected relationships when
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the plurality of integrated circuits are aligned. In an embodi-
ment, the system further comprises: an alignment detector
configured to receive the gain control signals of the plurality
of reference calibration devices and to determine whether a
relationship of the gain control signals of the plurality of
reference calibration devices is consistent with alignment of
the plurality of integrated circuits. In an embodiment, the
alignment detector is on one of the plurality of integrated
circuits. In an embodiment, the plurality of integrated circuits
is two integrated circuits. In an embodiment, the reception
gain control block comprises: a bandgap block configured to
generate a reception reference voltage; and a comparator
configured to determine a difference between an amplitude of
the output of the reception reference variable-gain amplifier
and the reception reference voltage. In an embodiment, the
plurality of reference calibration devices each comprises: a
transmission calibration variable-gain amplifier having a
calibration signal input configured to receive a calibration
signal, a control input configured to receive a gain control
signal and an output communicatively coupled to the refer-
ence transmission electrode; a comparator block coupled
between the output of the transmission calibration variable-
gain amplifier and the control input of the transmission cali-
bration variable gain amplifier to form a feed-back loop; and
a bandgap block coupled to the comparator block and con-
figured to provide a substantially constant reference voltage.
In an embodiment the respective reference transmission elec-
trodes each have a first geometrical shape, and the reception
reference electrodes have a second geometrical shape. In an
embodiment, the system further comprises a communication
channel integrated into the plurality of integrated circuits, the
communication channel having: a communication transmis-
sion electrode of a communication coupling capacitor on one
of'the plurality of integrated circuits; a transmitter configured
to transmit time-variant communication signals communica-
tively coupled to the communication transmission electrode;
a communication reception electrode of the communication
coupling capacitor on another of the plurality of integrated
circuit devices; and a communication reception variable-gain
amplifier having a first input communicatively coupled to the
communication reception electrode of the communication
coupling capacitor and configured to generate a communica-
tion compensation signal, and a gain control input coupled to
one of the gain control signals generated by the plurality of
reference calibration devices.

In an embodiment, a device comprises: a first integrated
circuit having a plurality of transmission reference electrodes
of a corresponding plurality of calibration capacitors, the
plurality of transmission reference electrodes configured to
transmit respective time-variant communication signals; and
a second integrated circuit configured to couple to the first
integrated circuit and including: a plurality of reception ref-
erence electrodes of the plurality of calibration capacitors; a
plurality of calibration amplifiers communicatively coupled
to respective reception reference electrodes of the plurality of
calibration capacitors and configured to generate a plurality
of calibration reference signals; and a plurality of reception
reference gain control blocks configured to generate gain
control signals to control respective gains of the plurality of
calibration amplifiers based on respective outputs of the cali-
bration amplifiers, wherein the generated gain control signals
have corresponding expected relationships when the first and
second integrated circuits are aligned. In an embodiment, the
plurality of transmission reference electrodes include a center
transmission reference electrode, and the other electrodes of
the plurality of transmission reference electrodes surround
the center transmission reference electrode, have a first shape
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and are each a first distance from the center transmission
reference electrode; and the plurality of reception reference
electrodes include a center reception reference electrode, and
the other electrodes of the plurality of reception reference
electrodes surround the center reception reference electrode,
have a second shape and are each a second distance from the
center reception reference electrode. In an embodiment, the
center transmission reference electrode and the center recep-
tion reference electrode have a third shape and, when the first
and second integrated circuits are aligned, the center trans-
mission reference electrode and the center reception refer-
ence electrode are superimposed, and the respective sur-
rounding transmission reference electrodes and surrounding
reception reference electrodes of the plurality of calibration
capacitors are partially superimposed. In an embodiment, the
device further comprises: an alignment detector configured to
determine whether the first and second integrated circuits are
aligned based on the generated gain control signals.

In an embodiment, a system comprises: a first integrated
circuit, including: means for generating a plurality of time-
variant reference transmission signals; means for transmit-
ting the plurality of time-variant reference transmission sig-
nals; a second integrated circuit configured to couple to the
first integrated circuit and including: means for receiving the
plurality of transmitted time-variant reference transmission
signals; means for generating a plurality of reception refer-
ence signals from the received time-variant reference trans-
mission signals; and means for generating a plurality of gain
control signals to control the means for generating the plural-
ity of reception reference signals; and means for determining
whether the first and second integrated circuits are aligned
based on the generated plurality of gain control signals. In an
embodiment, the means for determining is on the second
integrated circuit.

In an embodiment, a non-transitory computer-readable
medium’s contents cause at least one electronic device to
perform a method, the method comprising: transmitting a
plurality of transmission reference signals on transmission
reference electrodes of a plurality of reference capacitors
coupling first and second integrated circuits together; receiv-
ing coupling signals on reception reference electrodes of the
plurality of reference capacitors; amplifying said coupling
signals, generating a plurality of reception reference signals;
generating reception control signals as a function of the plu-
rality of reception reference signals; and detecting a possible
misalignment between the first and second integrated circuits
based on a plurality of the reception control signals. In an
embodiment, the method further comprises: transmitting a
first communication signal on a first transmission electrode of
a first coupling capacitor; receiving a first reception signal on
a first reception electrode of said first coupling capacitor;
amplifying said first reception signal, generating a first com-
pensated signal; and controlling a level of amplification of
amplifying said first reception signal as a function of one of
the reception control signals. In an embodiment, the method
further comprises: generating at least one reception reference
voltage, and wherein generating the plurality of reception
control signals comprises determining a difference between
an amplitude of at least one of the reception reference signals
and said at least one reception reference voltage. In an
embodiment, the method further comprises: receiving a cali-
bration signal; amplifying said calibration signal, generating
the transmission reference signals; generating transmission
control signals as a function of said transmission reference
signals; and controlling one or more levels of amplification of
the calibration signal as a function of said transmission con-
trol signals. In an embodiment, the method further comprises:
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generating a transmission reference voltage, wherein said
step of generating transmission control signals comprises
determining a difference between an amplitude of at least one
of said transmission reference signals and said transmission
reference voltage.

In an embodiment, a method for verifying the alignment
between a first integrated electronic device and a second
integrated electronic device comprises the steps of: coupling
said first and second integrated electronic devices by means
of a reference capacitor and a first coupling capacitor; trans-
mitting a transmission reference signal on a transmission
reference electrode of said reference capacitor; receiving a
coupling signal on a reception reference electrode of said
reference capacitor; amplifying said coupling signal, gener-
ating a reception reference signal; generating a reception
control signal as a function of said reception reference signal;
transmitting a first communication signal on a first transmis-
sion electrode of said first coupling capacitor; receiving a first
reception signal on a first reception electrode of said first
coupling capacitor; amplifying said first reception signal,
generating a first compensated signal; controlling a level of
amplification in said steps of amplifying said coupling signal
and of amplifying said first reception signal as a function of
said reception control signal; and comparing an amplitude of
said first communication signal and an amplitude of said first
compensated signal, and detecting the presence of a possible
misalignment between said first and second integrated elec-
tronic devices on the basis of the result of the step of compar-
ing. In an embodiment, the method further comprises the
steps of: establishing an expected relation between said first
communication signal and said first compensated signal; and
determining an effective relation between the amplitude of
said first communication signal and the amplitude of said first
compensated signal; and wherein said step of comparing
comprises comparing said effective relation and said
expected relation. In an embodiment, the method further
comprises the step of generating a reception reference volt-
age, and wherein said step of generating a reception control
signal comprises determining a difference between an ampli-
tude of said reception reference signal and said reception
reference voltage. In an embodiment, the method further
comprises the steps of: receiving a calibration signal; ampli-
fying said calibration signal, generating a transmission refer-
ence signal; generating a transmission control signal as a
function of said transmission reference signal; and control-
ling a level of amplification in said step of amplifying said
calibration signal as a function of said transmission control
signal. In an embodiment, the method further comprises the
step of generating a transmission reference voltage, wherein
said step of generating a transmission control signal com-
prises determining a difference between an amplitude of said
transmission reference signal and said transmission reference
voltage. In an embodiment, said transmission reference volt-
age and said reception reference voltage are the same as one
another. In an embodiment, said steps of generating a trans-
mission reference voltage and a reception reference voltage
comprise using voltage generators of a bandgap type. In an
embodiment, wherein said step of determining a difference
between an amplitude of said reception reference signal and
said reception reference voltage comprises: generating a first
current proportional to the amplitude of said reception refer-
ence signal; generating a second current proportional to said
reception reference voltage; and integrating in time a current
difference proportional to the difference of said first and
second currents. In an embodiment, the method further com-
prises the step of providing said transmission reference elec-
trode and said first transmission electrode on said first inte-
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grated electronic device, and the step of providing said
reception reference electrode and said first reception elec-
trode on said second integrated electronic device. In an
embodiment, said step of providing said transmission refer-
ence electrode and said first transmission electrode comprises
forming said transmission reference electrode and said first
transmission electrode in such a way that they have one and
the same first geometrical shape, and wherein said step of
providing said reception reference electrode and said first
reception electrode comprises forming said reception refer-
ence electrode and said first reception electrode in such a way
that they have one and the same second geometrical shape. In
an embodiment, wherein said coupling step comprises pro-
viding at least one second coupling capacitor having a second
transmission electrode and a second reception electrode, set,
respectively, on said first and second integrated electronic
devices. In an embodiment, the method further comprises the
steps of: transmitting on said second transmission electrode a
second communication signal; receiving on said second
reception electrode a corresponding second reception signal;
amplifying said second reception signal, generating a second
compensated signal; controlling a level of amplification in
said step of amplifying said second reception signal as a
function of said reception control signal; and comparing an
amplitude of said second communication signal with an
amplitude of said second compensated signal, said step of
detecting the presence of a possible misalignment being
moreover a function of said step of comparing an amplitude
of said second communication signal with an amplitude of
said second compensated signal. In an embodiment, said
coupling step further comprises providing a third coupling
capacitor and a fourth coupling capacitor, said third coupling
capacitor having a third transmission electrode and a third
reception electrode, set, respectively, on said first integrated
electronic device and said second integrated electronic
device, said fourth coupling capacitor having a fourth trans-
mission electrode and a fourth reception electrode, set,
respectively, on said first and second integrated electronic
devices; and wherein said first, second, third, and fourth
transmission electrodes surround said transmission reference
electrode, are at the same distance from said transmission
reference electrode, and have one and the same third geo-
metrical shape; and wherein said first, second, third, and
fourth reception electrodes surround said reception reference
electrode, are at the same distance from said reception refer-
ence electrode, and have one and the same fourth geometrical
shape. In an embodiment, wherein said transmission refer-
ence electrode and said reception reference electrode have
one and the same fifth geometrical shape and are setin such a
way that, when said first and second integrated electronic
devices are aligned, they are completely superimposed; and
wherein said first, second, third, and fourth transmission elec-
trodes and said first, second, third, and fourth reception elec-
trodes are set in such a way that, when said first and second
integrated electronic devices are aligned, said first, second,
third, and fourth transmission electrodes are partially super-
imposed, respectively, on said first, second, third, and fourth
reception electrodes. In an embodiment, the method further
comprises the steps of: transmitting on said second, third, and
fourth transmission electrodes, respectively, a second com-
munication signal, a third communication signal, and a fourth
communication signal; receiving on said second, third, and
fourth reception electrodes, respectively, a second reception
signal, a third reception signal, and a fourth reception signal;
amplifying said second, third, and fourth reception signals,
generating, respectively, a second compensated signal, a third
compensated signal, and a fourth compensated signal; con-
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trolling levels of amplification in said steps of amplifying said
second, third, and fourth reception signal as a function of said
reception control signal; and comparing the amplitudes of
said second, third, and fourth compensated signals, respec-
tively, with the amplitudes of the second, third, and fourth
communication signals, said step of detecting the presence of
a possible misalignment being moreover a function of said
step of comparing the amplitudes of said second, third, and
fourth compensated signals.

In an embodiment, a method, comprises: communicatively
coupling first and second integrated electronic devices
together through a reference capacitor and a first coupling
capacitor; transmitting a transmission reference signal on a
transmission reference electrode of said reference capacitor;
receiving a coupling signal on a reception reference electrode
of said reference capacitor; amplifying said coupling signal,
generating a reception reference signal; generating a recep-
tion control signal as a function of said reception reference
signal; transmitting a first communication signal on a first
transmission electrode of said first coupling capacitor; receiv-
ing a first reception signal on a first reception electrode of said
first coupling capacitor; amplifying said first reception signal,
generating a first compensated signal; controlling a level of
amplification in said steps of amplifying said coupling signal
and of amplifying said first reception signal as a function of
said reception control signal; and detecting a possible mis-
alignment between said first and second integrated electronic
devices based on an amplitude of said first communication
signal and an amplitude of said first compensated signal. In an
embodiment, the method further comprises the steps of:
establishing an expected relation between said first commu-
nication signal and said first compensated signal; and deter-
mining an effective relation between the amplitude of said
first communication signal and the amplitude of said first
compensated signal, wherein said step of detecting comprises
comparing said effective relation and said expected relation.
In an embodiment, the method further comprises the step of
generating a reception reference voltage, wherein said step of
generating a reception control signal comprises determining a
difference between an amplitude of said reception reference
signal and said reception reference voltage. In an embodi-
ment, the method further comprises the steps of: receiving a
calibration signal; amplifying said calibration signal, gener-
ating the transmission reference signal; generating a trans-
mission control signal as a function of said transmission
reference signal; and controlling a level of amplification in
said step of amplifying said calibration signal as a function of
said transmission control signal. In an embodiment, the
method further comprises: generating a transmission refer-
ence voltage, wherein said step of generating a transmission
control signal comprises determining a difference between an
amplitude of said transmission reference signal and said
transmission reference voltage. In an embodiment, said trans-
mission reference voltage and said reception reference volt-
age have a same voltage level. In an embodiment, said steps of
generating a transmission reference voltage and generating a
reception reference voltage comprise using voltage genera-
tors of a bandgap type. In an embodiment, said step of deter-
mining a difference between an amplitude of said reception
reference signal and said reception reference voltage com-
prises: generating a first current proportional to the amplitude
of said reception reference signal; generating a second cur-
rent proportional to said reception reference voltage; and
integrating in time a current difference proportional to the
difference of said first and second currents. In an embodi-
ment, the method further comprises: providing said transmis-
sion reference electrode and said first transmission electrode
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on said first integrated electronic device; and providing said
reception reference electrode and said first reception elec-
trode on said second integrated electronic device. In an
embodiment, said step of providing said transmission refer-
ence electrode and said first transmission electrode comprises
forming said transmission reference electrode and said first
transmission electrode of a first geometrical shape, and
wherein said step of providing said reception reference elec-
trode and said first reception electrode comprises forming
said reception reference electrode and said first reception
electrode of a second geometrical shape. In an embodiment,
said coupling step comprises providing at least one second
coupling capacitor having a second transmission electrode
and a second reception electrode, set, respectively, on said
first and second integrated electronic devices. In an embodi-
ment, the method further comprises the steps of: transmitting
on said second transmission electrode a second communica-
tion signal; receiving on said second reception electrode a
corresponding second reception signal; amplifying said sec-
ond reception signal, generating a second compensated sig-
nal; and controlling a level of amplification in said step of
amplifying said second reception signal as a function of said
reception control signal wherein said step of detecting a pos-
sible misalignment is based on an amplitude of said second
communication signal and an amplitude of said second com-
pensated signal. In an embodiment, said coupling step further
comprises providing a third coupling capacitor and a fourth
coupling capacitor, said third coupling capacitor having a
third transmission electrode and a third reception electrode,
set, respectively, on said first integrated electronic device and
said second integrated electronic device, said fourth coupling
capacitor having a fourth transmission electrode and a fourth
reception electrode, set, respectively, on said first and second
integrated electronic devices; and wherein said first, second,
third, and fourth transmission electrodes surround said trans-
mission reference electrode, are at a same distance from said
transmission reference electrode, and have a first geometrical
shape; and wherein said first, second, third, and fourth recep-
tion electrodes surround said reception reference electrode,
are at a same distance from said reception reference electrode,
and have a second geometrical shape. In an embodiment, said
transmission reference electrode and said reception reference
electrode have a third geometrical shape and are set insuch a
way that, when said first and second integrated electronic
devices are aligned, they are completely superimposed; and
wherein said first, second, third, and fourth transmission elec-
trodes and said first, second, third, and fourth reception elec-
trodes are set in such a way that, when said first and second
integrated electronic devices are aligned, said first, second,
third, and fourth transmission electrodes are partially super-
imposed, respectively, on said first, second, third, and fourth
reception electrodes. In an embodiment, the method further
comprises: transmitting on said second, third, and fourth
transmission electrodes, respectively, a second communica-
tion signal, a third communication signal, and a fourth com-
munication signal; receiving on said second, third, and fourth
reception electrodes, respectively, a second reception signal,
a third reception signal, and a fourth reception signal; ampli-
fying said second, third, and fourth reception signals, gener-
ating, respectively, a second compensated signal, a third com-
pensated signal, and a fourth compensated signal; and
controlling levels of amplification in said steps of amplifying
said second, third, and fourth reception signal as a function of
said reception control signal, wherein the detecting is based
on amplitudes of the second, third and fourth compensated
signals and amplitudes of the second, third and fourth com-
munication signals. In an embodiment, the detecting com-
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prises comparing the amplitudes of said first, second, third,
and fourth compensated signals, respectively, with the ampli-
tudes of the first, second, third, and fourth communication
signals.

In an embodiment, a device comprises: a first integrated
circuit, including: a transmission electrode of a first coupling
capacitor; a first transmitter to transmit a time-variant first
communication signal communicatively coupled to the trans-
mission electrode of the first coupling capacitor; a reference
transmission electrode of a reference capacitor, configured to
transmit a time-variant transmission reference signal; and a
second integrated circuit configured to couple to the first
integrated circuit and including: a reception electrode of the
first coupling capacitor; a first coupling variable-gain ampli-
fier having a first input communicatively coupled to the
reception electrode of the first coupling capacitor and config-
ured to generate a first compensated signal; a reception elec-
trode of the reference capacitor; a reference variable-gain
amplifier having a first input communicatively coupled to the
reception electrode of the reference capacitor; and a reception
gain control block coupled to an output of the reference
variable-gain amplifier and configured to generate at least one
gain control signal to control a gain of the first coupling
variable-gain amplifier and a gain of the reference variable-
gain amplifier based on the output of the reference variable-
gain amplifier, wherein an amplitude of the first communica-
tion signal and an amplitude of the first compensated signal
have an expected relationship when the first and second inte-
grated circuits are aligned. In an embodiment, the device
further comprises: an alignment detector configured to couple
to the first transmitter and the output of the first coupling
variable-gain amplifier and to determine whether a relation-
ship of the amplitude of the first communication signal and
the amplitude of the first compensated signal is consistent
with alignment of the first and second integrated circuits. In
an embodiment, the alignment detector is on the first inte-
grated circuit. In an embodiment, the reception gain control
block comprises: a bandgap block configured to generate a
reception reference voltage; and a comparator configured to
determine a difference between an amplitude of the output of
the second variable-gain amplifier and the reception refer-
ence voltage. In an embodiment, the first integrated circuit
comprises: a transmission calibration variable-gain amplifier
having a calibration signal input configured to receive a cali-
bration signal, a control input configured to receive a gain
control signal and an output communicatively coupled to the
reference transmission electrode; a comparator block coupled
between the output of the transmission calibration variable-
gain amplifier and the control input of the variable gain ampli-
fier to form a feed-back loop; and a bandgap block coupled to
the comparator block and configured to provide a substan-
tially constant reference voltage. In an embodiment, the ref-
erence transmission electrode and the transmission electrode
of'the first coupling capacitor have a first geometrical shape,
and the reception electrode of the reference capacitor and the
reception electrode of the first coupling capacitor have a
second geometrical shape. In an embodiment, the device
further comprises a second coupling capacitor having a trans-
mission electrode on the first integrated circuit and a recep-
tion electrode on the second integrated circuit, the first inte-
grated circuit further comprising a second transmitter
configured to transmit a second communication signal and
the second integrated circuit further comprising a second
coupling variable-gain amplifier configured to generate a sec-
ond compensated signal, wherein the reception gain control
block is configured to control a gain of the second coupling
variable-gain amplifier based on the output of the reference
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variable-gain amplifier, and an amplitude of the second com-
munication signal and an amplitude of the second compen-
sated signal have an expected relationship when the first and
second integrated circuits are aligned.

In an embodiment, a device comprises: a first integrated
circuit, including: a plurality of transmission electrodes of a
corresponding plurality of coupling capacitors, the plurality
of transmission electrodes configured to transmit respective
time-variant communication signals; and a reference trans-
mission electrode of a reference capacitor, configured to
transmit a time-variant transmission reference signal; and a
second integrated circuit configured to couple to the first
integrated circuit and including: a plurality of reception elec-
trodes of the plurality of coupling capacitors; a plurality of
coupling amplifiers communicatively coupled to respective
reception electrodes of the plurality of coupling capacitors
and configured to generate a plurality of compensated sig-
nals; a reference reception electrode of the reference capaci-
tor; a reference amplifier having a first input communica-
tively coupled to the reference reception electrode of the
reference capacitor; and a reception gain control block con-
figured to generate at least one gain control signal to control
respective gains of the coupling amplifiers and of the refer-
ence amplifier based on an output of the reference amplifier,
wherein amplitudes of the respective communication signals
and corresponding compensated signals have corresponding
expected relationships when the first and second integrated
circuits are aligned. In an embodiment, the plurality of trans-
mission electrodes surround the reference transmission elec-
trode, have a first shape and are each a first distance from the
reference transmission electrode; and the plurality of recep-
tion electrodes surround the reference reception electrode,
have a second shape and are each a second distance from said
reference reception. In an embodiment, the reference trans-
mission electrode and the reference reception electrode have
athird shape and, when the first and second integrated circuits
are aligned, the reference transmission electrode and the ref-
erence reception electrode are superimposed and the respec-
tive transmission electrodes and reception electrodes of the
plurality of coupling capacitors and partially superimposed.
In an embodiment, the device further comprises: an align-
ment detector configured to determine whether the first and
second integrated circuits are aligned based on the amplitudes
of the respective communication signals and corresponding
compensated signals.

In an embodiment, a system comprises: a first integrated
circuit, including: means for generating a time-variant first
communication signal; means for transmitting the time-vari-
ant first communication signal; means for generating a time-
variant reference transmission signal; means for transmitting
the time-variant reference transmission signal; a second inte-
grated circuit configured to couple to the first integrated cir-
cuit and including: means for receiving the transmitted time-
variant first communication signal; means for generating a
first compensated signal from the received first communica-
tion signal; means for receiving the transmitted reference
transmission signal; means for generating a reception refer-
ence signal based on the received reference transmission sig-
nal; and means for controlling a gain of the means for gener-
ating a first compensated signal and of the means for
generating a reception reference signal based on the reception
reference signal; and means for determining whether the first
and second integrated circuits are aligned based on ampli-
tudes of the first communication signal and of the first com-
pensated signal. In an embodiment, the means for determin-
ing is on the first integrated circuit.
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In an embodiment, a non-transitory computer-readable
medium’s contents cause at least one electronic device to
perform a method, the method comprising: transmitting a
transmission reference signal on a transmission reference
electrode of a reference capacitor; receiving a coupling signal
on a reception reference electrode of said reference capacitor;
amplifying said coupling signal, generating a reception ref-
erence signal; generating a reception control signal as a func-
tion of said reception reference signal; transmitting a first
communication signal on a first transmission electrode of a
first coupling capacitor; receiving a first reception signal on a
first reception electrode of said first coupling capacitor;
amplifying said first reception signal, generating a first com-
pensated signal; controlling a level of amplification of ampli-
fying said coupling signal and of amplifying said first recep-
tion signal as a function of said reception control signal; and
detecting a possible misalignment between first and second
integrated electronic devices based on an amplitude of said
first communication signal and an amplitude of said first
compensated signal. In an embodiment, the method further
comprises: establishing an expected relation between said
first communication signal and said first compensated signal;
and determining an effective relation between the amplitude
of said first communication signal and the amplitude of said
first compensated signal, wherein said step of detecting com-
prises comparing said effective relation and said expected
relation. In an embodiment, the method further comprises:
generating a reception reference voltage, and wherein said
step of generating a reception control signal comprises deter-
mining a difference between an amplitude of said reception
reference signal and said reception reference voltage. In an
embodiment, the method further comprises: receiving a cali-
bration signal; amplifying said calibration signal, generating
the transmission reference signal; generating a transmission
control signal as a function of said transmission reference
signal; and controlling a level of amplification in said step of
amplifying said calibration signal as a function of said trans-
mission control signal. In an embodiment, the method further
comprises: generating a transmission reference voltage,
wherein said step of generating a transmission control signal
comprises determining a difference between an amplitude of
said transmission reference signal and said transmission ref-
erence voltage.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

For a better understanding of the disclosure, embodiments
thereof are now described, purely by way of non-limiting
example and with reference to the attached drawings,
wherein:

FIG. 1 shows a side view of two chips;

FIG. 2 shows a circuit diagram of an electronic capacitive-
coupling communication circuit;

FIG. 3 shows a circuit diagram of a comparator stage;

FIG. 4 is a schematic illustration of a perspective view of a
first chip and of a second chip;

FIGS. 5a and 55 show in top plan view a first arrangement
and a second arrangement of electrodes, respectively, on the
second chip and on the first chip;

FIGS. 6a and 65 show in top plan view the first and second
arrangements of electrodes appearing in FIGS. 5a and 55,
respectively, in the case where the first and second chips are
aligned and misaligned;

FIG. 7 is a functional block diagram of an embodiment of
a system configured to determine whether a plurality of chips
are aligned or misaligned;
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FIG. 8 shows a circuit diagram of an embodiment of an
electronic capacitive-coupling communication circuit;

FIG. 9 is a schematic illustration of'a perspective view of an
embodiment of a first chip and of a second chip;

FIG. 10 is a functional block diagram of an embodiment of
a chip assembly; and

FIG. 11 is a functional block diagram of an embodiment of
a system configured to determine whether a plurality of chips
are aligned or misaligned.

DETAILED DESCRIPTION

In the following description, numerous specific details are
given to provide a thorough understanding of embodiments.
The embodiments can be practiced without one or more of the
specific details, or with other methods, components, materi-
als, etc. In other instances, well-known structures, materials,
or operations, such as, for example, operational amplifiers,
are not shown or described in detail to avoid obscuring
aspects of the embodiments.

Reference throughout this specification to “one embodi-
ment” or “an embodiment” means that a particular feature,
structure, or characteristic described in connection with the
embodiment is included in at least one embodiment. Thus, the
appearances of the phrases “in one embodiment” “according
to an embodiment” or “in an embodiment” and similar
phrases in various places throughout this specification are not
necessarily all referring to the same embodiment. Further-
more, the particular features, structures, or characteristics
may be combined in any suitable manner in one or more
embodiments.

The figures are not necessarily reflective of relative pro-
portions and positioning of the structures shown therein.

The headings provided herein are for convenience only and
do not interpret the scope or meaning of the embodiments.

By way of example and without this implying any loss of
generality, in what follows embodiments of the present dis-
closure are described with reference to the case where the
integrated electronic devices of which it is desired to verify
the alignment are chips, in particular a first chip IC1 and a
second chip IC2. As shown in FIG. 2, the first and second
chips IC1, IC2 define, respectively, a first top surface S1 and
a second top surface S2, and are set in the so-called face-to-
face mode, in such a way that the first and second top surfaces
S1, S2 face one another. For instance, assuming that the first
and second chips IC1, IC2 are formed by respective bodies of
semiconductor material (not shown), the first and second top
surfaces S1, S2 can be defined, respectively, by the bodies of
semiconductor material of the first and second chips IC1, IC2.
Alternatively, the first and second top surfaces S1, S2 can be
defined by respective top regions (not shown) of the first and
second integrated circuits IC1, IC2, arranged on the respec-
tive bodies of semiconductor material, and comprising, for
example, metallizations and/or dielectric layers.

As described in greater detail hereinafter, the present dis-
closure envisages resorting to an electronic capacitive-cou-
pling communication circuit, an embodiment of which, for
reasons of brevity, will be referred to hereinafter as “commu-
nication circuit 1”.

As shown in the embodiment of FIG. 2, the communication
circuit 1 comprises: a first transmitter stage 2, formed in the
first chip IC1; a first receiver stage 4, formed in the second
chip IC2; and at least one first communications channel 6,
which comprises a first coupling capacitor C, and connects
the first transmitter stage 2 and the first receiver stage 4. In
addition, the communication circuit 1 comprises a reference
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channel 8, distributed between the first and second chips IC1,
1C2, and described in greater detail hereinafter.

The first coupling capacitor C, is formed by a first trans-
mission electrode 10 and by a first reception electrode 12,
which extend, respectively, on the first and second top sur-
faces S1, S2.

The first transmitter stage 2 comprises a transmitter circuit
14 and a first transmission buffer 16, which has an input
connected to the transmitter circuit 14, and an output con-
nected to the first transmission electrode 10.

In greater detail, the first transmission buffer 16 is a unit-
gain amplifier circuit, and can be formed by a respective
operational amplifier (not shown), the output terminal of
which defines the output of the first transmission buffer 16
and is short-circuited to the negative input terminal of the
operational amplifier. The output terminal is moreover con-
nected to the first transmission electrode 10, whilst the posi-
tive input terminal ofthe operational amplifier is connected to
the transmitter circuit 14.

In what follows, with regard to the example embodiments
of buffers that will be mentioned and described, for reasons of
simplicity, referred to as “input” and “output” are, respec-
tively, the positive input terminal and the output terminal of
the corresponding operational amplifiers, except where oth-
erwise specified, assuming that these buffers are the same,
from a circuit standpoint, as the first transmission buffer 16,
and implying the short-circuit connection between the output
terminals and the negative input terminals of the correspond-
ing operational amplifiers.

Once again with reference to FIG. 2, the first receiver stage
4 comprises a first compensation amplifier 18a of a variable-
gain analog type, a first reception buffer 20, and a receiver
circuit 22. In particular, the first compensation amplifier 18a
has, in addition to a control terminal described hereinafter, an
input connected to the first reception electrode 12 and an
output connected to the input of the first reception buffer 20.
The output of the first reception buffer 20 is hence connected
to the receiver circuit 22.

Both the first transmission buffer 16 and the first reception
buffer 20 are such as to be able to drive the loads present on
the respective outputs, in the case in point the first transmis-
sion electrode 10 and the receiver circuit 22. Consequently,
when the transmitter circuit 14 generates a first communica-
tion signal V,, of an analog type and of a known amplitude,
it is brought back onto the first transmission electrode 10,
with consequent generation, on the first reception electrode
12, of a corresponding first received signal V 7.

On account of the inevitable presence of parasitic capaci-
tors connected to the first transmission electrode 10 and to the
first reception electrode 12, even assuming that the first trans-
mission buffer 16 is ideal, the amplitude of the first received
signal V ,,,., 1s attenuated with respect to the amplitude of the
first communication signal V,,,,. In practice, the parasitic
capacitors and the first coupling capacitor C, form a capaci-
tive divider that causes an attenuation of the first received
signal V ., with respect to the first communication signal
Ve To compensate this attenuation either totally or in part,
it is possible to act on the first compensation amplifier 18a, by
appropriately varying the gain thereof. For this purpose, the
control terminal of the first compensation amplifier 18a is
connected to the reference channel 8, as described hereinaf-
ter.

In detail, the embodiment of the reference channel 8 illus-
trated comprises: a transmission calibration stage 24, formed
in the first chip IC1; a reception calibration stage 26, formed
in the second chip IC2; and a reference capacitor Cgzp,
formed by a transmission reference electrode 28 and by a
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reception reference electrode 30, which extend, respectively,
on the first and second top surfaces S1, S2.

In detail, it is possible to obtain the reference capacitor
Crzr and the first coupling capacitor C, in such a way that,
when the first and second chips IC1, IC2 are aligned, they are
the same as one another, and hence have one and the same
capacitance. In particular, it is possible to form and set the
transmission reference electrode 28 and the reception refer-
ence electrode 30 in such a way that they have the same
shapes, respectively, as the first transmission electrode 10 and
the first reception electrode 12. In addition, it is possible to
obtain the transmission reference electrode 28 and the recep-
tion reference electrode 30 in such a way that, when the first
and second chips IC1, IC2 are aligned, their mutual arrange-
ment is the same as the mutual arrangement of the first trans-
mission electrode 10 and of the first reception electrode 12. In
this way, the reference capacitor Cy . and the first coupling
capacitor C, introduce one and the same attenuation.

The transmission calibration stage 24 comprises a first
reference amplifier 32, a first reference circuit 34, a first
comparator stage 36, and a first reference buffer 38, which can
be the same as the aforesaid first transmission buffer 16 and
first reception buffer 20.

In detail, the first reference amplifier 32 is of a variable-
gain analog type, and has an input, an output, and a control
terminal. In particular, the input of the first reference ampli-
fier 32 defines a first calibration node N ., whilst the output
of'the first reference amplifier 32 defines a first first-feedback
node N, and is connected to the input of the first reference
buffer 38, the output of which is connected to the transmission
reference electrode 28. In addition, the output of the first
reference amplifier 32 is connected to the first comparator
stage 36; in particular, the first comparator stage 36 has an
output and a first input and a second input, the output of the
first reference amplifier 32 being connected to the first input
of'the first comparator stage 36. The second input of the first
comparator stage 36 is connected to the first reference circuit
34, whilst the output of the first comparator stage 36 is con-
nected to the control terminal of the first reference amplifier
32, in such a way that the first reference amplifier 32 and the
first comparator stage 36 define a first feedback loop.

The reception calibration stage 26 comprises a second
reference amplifier 40, a second reference circuit 42, and a
second comparator stage 44. In what follows it is assumed, for
reasons of simplicity, that the first calibration amplifier 18a
and the second reference amplifier 40 are the same as one
another, even though a person skilled in the art will be able to
implement the present method even in the case where the first
calibration amplifier 18a and the second reference amplifier
40 are different. Possibly, also the first reference amplifier 32
can be the same as the first calibration amplifier 18a and as the
second reference amplifier 40.

In detail, from the circuit standpoint, the second compara-
tor stage 44 is the same as the first comparator stage 36, and
hence has an output and a first input and a second input. In
addition, the second reference amplifier 40 is of a variable-
gain analog type, and has an input, an output, and a control
terminal. The input of the second reference amplifier 40 is
connected to the reception reference electrode 30, whilst the
output of the second reference amplifier 40 defines a first
second-feedback node N, and is connected to the first input
of the second comparator stage 44. The second input of the
second comparator stage 44 is connected to the second refer-
ence circuit 42, whilst the output of the second comparator
stage 44 is connected to the control terminal of the second
reference amplifier 40 in such a way that the second reference
amplifier 40 and the second comparator stage 44 define a
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second feedback loop. In addition, the output of the second
comparator stage 44 is connected to the control terminal of
the first compensation amplifier 18a.

In greater detail, the first and second reference circuits 34,
42 supply, respectively, a first reference voltage V., and a
second reference voltage Vs,, both of a D.C. type. In par-
ticular, both the first reference circuit 34 and second reference
circuit 42 may be formed by a respective bandgap voltage
reference, commonly known as bandgap circuits.

Bandgap circuits are used for generating reference volt-
ages within integrated circuits in which the bandgap circuits
themselves are integrated. In particular, given a generic band-
gap formed within a substrate of semiconductor material, this
bandgap circuit is able to supply a respective reference volt-
age that is very close to the bandgap voltage that characterizes
this semiconductor material, or in any case depends, to a first
approximation, only upon this bandgap voltage. In other
words, to a first approximation, the reference voltage is a
function of the semiconductor material in which the bandgap
circuit is obtained and does not depend upon other factors,
such as, for example, the temperature, or else upon the tech-
nological processes that have led to formation of the inte-
grated circuit in which the bandgap circuit itself is present.
Consequently, the reference voltages supplied by bandgap
circuits are substantially immune from factors such as, for
example, process non-uniformities, differences in technology
(for example, 1V CMOS technology, or else 3.3V CMOS
technology, BiCMOS) and temperature. Purely by way of
example, in the case where the semiconductor material is
silicon, various types of bandgap circuits are available,
capable of supplying reference voltages very close to 1.2'V.

FIG. 3 shows in greater detail an embodiment of the first
comparator stage 36, which is connected to the first first-
feedback node N . In particular, in the embodiment illustrated
in this figure, the first comparator stage 36 comprises a first
comparison buffer 50 and a second comparison buffer 52, a
first rectifier 54 and a second rectifier 56 both of a single
half-wave type, a first voltage-to-current converter 58 and a
second voltage-to-current converter 60, and an integrator 62.

In greater detail, the first and second comparison buffers
50, 52 are formed by respective operational amplifiers, des-
ignated by 50a and 52a. The first first-feedback node N; is
connected to the input of the first comparison buffer 50, i.e.,
to the positive input terminal of the operational amplifier 50a
of the first comparison buffer 50. In addition, the first first-
feedback node N, is connected to the negative input terminal
of the operational amplifier 52a of the second comparison
buffer 52, possibly by interposition of a buffer resistor 64
connected in series between the first first-feedback node N,
and the negative input terminal of the operational amplifier
52a of the second comparison buffer 52, the positive input
terminal of which is connected to ground.

In addition, connected between the negative input terminal
and the output terminal of the operational amplifier 52a of the
second comparison buffer 52 is a feedback resistor 66; as
illustrated, the second comparison buffer 52 is an inverting
buffer.

The first and second rectifiers 54, 56 have respective inputs,
connected, respectively, to the output of the first comparison
buffer 50 and to the output of the second comparison buffer
52, and hence to the output terminals of the operational ampli-
fiers 50a, 524 of the first and second comparison buffers 52.
In addition, both the first rectifier 54 and the second rectifier
56 have a respective output.

The first voltage-to-current converter 58 has one output
and two input terminals, the latter being connected, respec-
tively, to the output of the first rectifier 54 and to the output of
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the second rectifier 56. Operatively, when aload is present on
the output of the first voltage-to-current converter 58, the load
is traversed by a current that does not depend upon the load
itself, but rather just upon the voltage present between the
inputs of the first voltage-to-current converter 58.

The second voltage-to-current converter 60 can be the
same as the first voltage-to-current converter 58, and hence it
also has one output and two input terminals (not shown). In
particular, the two input terminals of the second voltage-to-
current converter 60 define the aforementioned second input
of the first comparator stage 36 and are connected (connec-
tion not shown) to the first reference circuit 34 in such a way
that present across them is the first reference voltage Vg5, .
Instead, the output of the second voltage-to-current converter
60 is connected to the output of the first voltage-to-current
converter 58, and defines a comparison node N ..

The integrator 62 is formed by a respective operational
amplifier 62a and by an integration capacitor 65. In particular,
the negative input terminal of the operational amplifier 62a is
connected to the comparison node N .. In addition, the nega-
tive input terminal of the operational amplifier 62a is con-
nected, through the integration capacitor 65, to the output
terminal of the operational amplifier 62¢ itself, which is in
turn connected to the control terminal of the first reference
amplifier 32 (connection not shown). In addition, the positive
input terminal of the operational amplifier 62a is connected to
ground.

The currents generated by the first and second voltage-to-
current converters 58, 60 converge in the comparison node
N, these currents having directions such that the integrator
62 integrates a current equal to the difference between the
currents generated by the first and second voltage-to-current
converters 58, 60. On the output of the integrator 62 there is
hence generated a first control signal V_,, -, which is supplied
to the control terminal of the first reference amplifier 32.

The second comparator stage 44 is similar to the first com-
parator stage 36, and supplies a second control signal V_,, .+
on the control terminals of the second reference amplifier 40
and of the first compensation amplifier 18a.

Operatively, the behavior of the communication circuit 1 is
now described assuming that the transmitter circuit 14 trans-
mits a first communication signal V,, of a time-variable type
and of known amplitude, as has been said. In addition, it is
assumed that the first calibration node Ny, receives a cali-
bration signal V_,, of a time-variable type, which can differ
from the first communication signal V ;. Alternatively, it is
in any case possible to connect the first calibration node Nz
to the transmitter circuit 14 in such a way that the calibration
signal V_,,is the same as the first communication signal V..

In use, on the first transmission electrode 10 the first com-
munication signal V,,, is present; consequently, on the first
reception electrode 12, and hence at input to the first com-
pensation amplifier 184, the first received signal V., is
present. Instead, at output from the first compensation ampli-
fier 182 a V. g, is present.

As regards, instead, the reference channel 8, present on the
output of the first reference amplifier 32, and hence present on
the first first-feedback node N, is a first reference signal
V zrer1, Which is likewise present on the transmission refer-
ence electrode 28. Given the capacitive coupling between the
transmission reference electrode 28 and the reception refer-
ence electrode 30, at input to the second reference amplifier
40 a coupling signal Vpzr gy 18 set up. At output from the
second reference amplifier 40, and hence on the first second-
feedback node N,, a second reference signal Vizz, is,
instead, present.
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In greater detail, thanks to the first feedback loop, the first
control signal V_,, - controls the gain of the first reference
amplifier 32 in such a way that the first reference signal Vg .-,
(time-variable) has an amplitude independent of the ampli-
tude of the calibration signal V_,; and directly proportional to
the first reference voltage V., generated by the first refer-
ence circuit 34; in other words, the following relation applies:
V rer1 =K, Vaa; - In detail, in steady-state conditions, the first
control signal V.- assumes a constant value that depends
upon the amplitude of the calibration signal V_,; and upon the
first reference voltage Vg5, .

Likewise, on account of the presence of a capacitive divider
formed by the reference capacitor Cp. and by inevitable
parasitic capacitors connected to the reference capacitor
Crer the coupling signal Vg zxhas an amplitude smaller
than the first reference signal V. However, thanks to the
second feedback loop, the second control signal V,,z+ con-
trols the gain of the second reference amplifier 40 in such a
way that the second reference signal V., which is also
time-variable, has an amplitude directly proportional to the
second reference voltage V., generated by the second ref-
erence circuit 42, irrespective of the alignment or misalign-
ment of the first and second chips IC1, IC2. In other words,
the following relation applies: Vzzz=K,Vgs,. In detail, in
steady-state conditions the second control signal V_,zy
assumes a constant value that depends upon the amplitude of
the coupling signal V. zx and upon the second reference
voltage V.

Assuming that the first and second reference voltages
Vza1s Ve are the same as one another, and that also the
architectures of the first and second comparator stages 36, 44
are the same as one another (and hence k,=k,=k), the follow-
ing relation applies AVgzr=K'Vzz=AVirm=K Ve,
where AV ., and AV .., are, respectively, the amplitudes
of the first and second reference signals V gz, Viprs. The
second reference signal V-, has the same amplitude and the
same temporal evolution as the first reference signal Vg zz;,
which, amongst other things, has the same temporal evolution
as the calibration signal V_,,. In other words, the second
control signal V. -determines the gain of the second refer-
ence amplifier 40 in such a way as to compensate for the
attenuation introduced by the capacitive divider formed by
the reference capacitor C ., irrespective of the alignment or
misalignment of the first and second chips IC1, IC2.

Ifthe first and second chips IC1, IC2 are effectively aligned
with respect to one another, and in the case where the refer-
ence capacitor Cy .. and the first coupling capacitor C, are
such as to introduce, in conditions of alignment, one and the
same attenuation, given that the second control signal Vo
controls also the gain of the first compensation amplifier 18a,
the attenuation introduced by the capacitive divider associ-
ated to the first coupling capacitor C. is also compensated.
Consequently, the first compensated signal V ;- g, has, in
addition to the same temporal evolution, also the same ampli-
tude as the first communication signal V. Likewise, also in
the case where the first coupling capacitor C ., and the refer-
ence capacitor C - are different from one another (even in
conditions of alignment), it is in any case possible to establish
afirst relation of alignment (for example, a ratio) between the
amplitudes of the first compensated signal V., -, and of
the first communication signal V., which is valid in condi-
tions of alignment and depends upon the ratio between the
attenuations introduced by the first coupling capacitor C,
and by the reference capacitor C .

In the case of misalignment, present between the ampli-
tudes of the first compensated signal V5, z, and of the first
communication signal V, is a first effective relation, difter-
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ent from the aforementioned first relation of alignment, which
depends in particular upon the characteristics (degree of a
translation and of a possible rotation) of the misalignment. In
fact, the control signal V- continues to control the gain of
the second reference amplifier 40 in such a way as to com-
pensate for the attenuation introduced by the capacitive
divider formed by the reference capacitor Cy; however,
given that, on account of the misalignment, the attenuation
introduced by the first coupling capacitor C; is no longer
equal to the attenuation introduced by the reference capacitor
Crzrs hence the gain introduced by the first calibration ampli-
fier 18a is under or oversized with respect to the attenuation
introduced by the first coupling capacitor C,.

The present method hence envisages determination of the
first relation of alignment, regarding the amplitudes of the
first compensated signal V., ., and of the first communi-
cation signal V,,,, and valid in conditions of alignment.

In this way, if it is desired to verify the possible alignment
between the first and second chips IC1, IC2 at a generic
instant T, it is possible to detect the amplitudes of the first
compensated signal V. ., and of the first communication
signal V;,, in this instant T, determining the corresponding
first effective relation, and comparing the first effective rela-
tion with the first relation of alignment. In the case where the
first effective relation departs, taking into account the inevi-
table tolerances, from the first relation of alignment, it is
inferred that the first and second chips IC1, IC2 are not
aligned.

In particular, a possible rotation, for example, of the first
chip IC1 with respect to the second chip IC2 (angle ¢ other
than zero, with reference to FIG. 1), can be conveniently
detected if the transmission reference electrode 28 and the
reception reference electrode 30 are, respectively, the same as
the first transmission electrode 10 and the first reception
electrode 12. In this case, the rotation entails that the ampli-
tude of the first compensated signal V.- g, differs from the
amplitude of the first communication signal V. Likewise, a
possible translation along the axes x or y of the reference
system X, y, z, for example, of the first chip IC1 with respect
to the second chip IC2, can be appropriately detected using a
first coupling capacitor C, different from the reference
capacitor Cgzz.

In order to detect the amplitudes of the first compensated
signal Vo7, and of the first communication signal V ,,, it
is possible to contact with probes the transmitter circuit 14
and the receiver circuit 22, it being possible for these probes
to be in turn connected to an external processor (see FIG. 7)
that has the tasks of storing the first relation of alignment,
determining the first effective relation, and comparing the
first effective relation with the first relation of alignment.
Alternatively, once again in order to detect the amplitudes of
the first compensated signal V.4 g, and of the first commu-
nication signal V., it is possible to integrate a first peak-
detector circuit and a second peak-detector circuit (not
shown) in the first and second dice IC1, IC2, respectively, so
that they are connected to the transmitter circuit 14 and to the
receiver circuit 22, respectively.

In addition, it is possible to integrate, alternatively in the
first chip IC1 or in the second IC2, a processing circuit (see
FIG. 7), connected to the first peak-detector circuit and to the
second peak-detector circuit and configured so as to store the
first relation of alignment, determine the first effective rela-
tion, and comparing the first effective relation with the first
relation of alignment.

As illustrated by way of example in FIG. 4, the transmis-
sion reference electrode 28 and the reception reference elec-
trode 30 can be set at the center, respectively, of the first and
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second top surfaces S1, S2 of'the first and second chips IC1,
IC2. In addition, the first transmission electrode 10 and the
first reception electrode 12 can be set so as to be centered,
respectively, in corresponding vertices of a first imaginary
rectangle and a second imaginary rectangle having respective
centers coinciding with the centers of the transmission refer-
ence electrode 28 and of the reception reference electrode 30.

In addition, there may for example be present a second
transmitter stage 1C2, a third transmitter stage 202, and a
fourth transmitter stage 302, a second receiver stage 104, a
third receiver stage 204, and a fourth receiver stage 304, and
a second communications channel, a third communications
channel, and a fourth communications channel, which com-
prise, respectively, a second coupling capacitor C.,, a third
coupling capacitor C 5, and a fourth coupling capacitor C,,
and connect, respectively, the second transmitter stage IC2
and the second receiver stage 104, the third transmitter stage
202 and the third receiver stage 204, and the fourth transmitter
stage 302 and the fourth receiver stage 304.

In detail, the second, third, and fourth coupling capacitors
Crs, Cs, C oy are formed, respectively, by a second transmis-
sion electrode 110 and a second reception electrode 112, by a
third transmission electrode 210 and a third reception elec-
trode 212, and by a fourth transmission electrode 310 and a
fourth reception electrode 312.

The second, third, and fourth transmission electrodes 110,
210, 310 extend on the first top surface S1, for example,
centered in the respective vertices of the first imaginary rect-
angle. Likewise, the second, third, and fourth reception elec-
trodes 112, 212, 312 extend on the second top surface S2, for
example, centered in the corresponding vertices of the second
imaginary rectangle. As illustrated, the first, second, third,
and fourth transmission electrodes 10,110, 210, 310 surround
the transmission reference electrode 28, whilst the first, sec-
ond, third, and fourth reception electrodes 12, 112, 212, 312
surround the reception reference electrode 30.

The second, third, and fourth receiver stages 104, 204, 304
can be the same as the first receiver stage, and hence com-
prise, respectively, a second calibration amplifier 185, a third
calibration amplifier 18¢, and a fourth calibration amplifier
184, the control terminals of which are connected to the
output of the second comparator stage 44 in such a way as to
receive the second control signal V, . In addition, trans-
mitted on the second transmission electrode 110, the third
transmission electrode 210, and the fourth transmission elec-
trode 310 are, respectively, a second communication signal
V s, @ third communication signal V., and a fourth com-
munication signal V. which are, for example, the same as
the first communication signal V,,, and hence on the second,
third, and fourth reception electrodes 112, 212, 312 there set
up, respectively, a second received signal V.7, a third
received signal V 5,4, and a fourth received signal V 57,7
Consequently, on the respective outputs, the second, third,
and fourth calibration amplifiers 185, 18¢, 184 generate,
respectively, a second compensated signal V5.7 g, a third
compensated signal V., ., and a fourth compensated sig-
nal, Vour g

In greater detail, it is possible to obtain the second, third,
and fourth coupling capacitors C,, C3, C, in such a way
that, when the first and second chips are aligned, they have the
same capacitance as the first coupling capacitor C, . In addi-
tion, it is possible to obtain the second coupling capacitor
C -, the third coupling capacitor C .5, and the fourth coupling
capacitor C, in such a way that the second, third, and fourth
transmission electrodes 110, 210, 310 have the same shape as
the first transmission electrode 10 (possibly coinciding with
the shape of the transmission reference electrode 28), and that
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the second, third, and fourth reception electrodes 112, 212,
312 have the same shape as the first reception electrode 12
(possibly coinciding with the shape of the reception reference
electrode 30). In addition, the pairs of electrodes formed,
respectively, by the second transmission electrode 110 and
the second reception electrode 112, by the third transmission
electrode 210 and the third reception electrode 212, as well as
by the fourth transmission electrode 310 and the fourth recep-
tion electrode 312, can be formed in such a way that, in
conditions of alignment, the mutual arrangement of the
respective electrodes is the same as the mutual arrangement
of the transmission reference electrode 28 and of the recep-
tion reference electrode 30. In this way, the second, third, and
fourth coupling capacitors C.,, C 5, C, introduce the same
attenuation introduced by the reference capacitor Cy .

Given that the second control signal V. ,-controls also the
gain of the second, third, and fourth compensation amplifiers
185-18d, if the first and second chips IC1, IC2 are eftectively
aligned with respect to one another, and in the case where the
reference capacitor Cx., and the second, third, and fourth
coupling capacitors C,, C;, C, are effectively such as to
introduce, in conditions of alignment, one and the same
attenuation, also the attenuations introduced by the second,
third, and fourth coupling capacitors C,, C;, C, are com-
pensated. Consequently, the second, third, and fourth com-
pensated signals Voo g Vour e Your eqhave, in addi-
tion to the same time evolutions, also the same amplitudes as
the second, third, and fourth communication signals V,,,
Vive Vina:

Likewise, also in the case where the second, third, and
fourth coupling capacitors C,, C5, C, are different (even
in conditions of alignment) from one another and/or from the
reference capacitor Cx ., it is inany case possibleto establish
a second relation of alignment, a third relation of alignment,
and a fourth relation of alignment that are valid in conditions
of alignment and that correspond, respectively, to the second
communication signal V,, and the second compensated sig-
nal Vour g, the third communication signal V., and the
third compensated signal V ;. ,, and the fourth communi-
cation signal Vi, and the fourth compensated signal
Vour &

In the case of misalignment, instead of the aforementioned
second, third, and fourth relations of alignment, there apply,
respectively, a second effective relation, a third effective rela-
tion, and a fourth effective relation.

Consequently, by detecting (for example in a way similar
to the one described with regard to the first communication
signal V,,, and to the first compensated signal V ., z,) the
amplitudes of the second, third, and fourth communication
signals V., Vv, Vinvg and of the second, third, and fourth
compensated signals V. g4, Vour ge Vour g determin-
ing the aforementioned second, third, and fourth effective
relations, and comparing them with the corresponding sec-
ond, third, and fourth relations of alignment, it is possible to
obtain further information on the possible misalignment of
the first and second chips IC1, IC2. In addition, by arranging
the first, second, third, and fourth coupling capacitors C;,
Ces, Coss Cey as far away as possible from the reference
capacitor Cyzz, compatibly with the dimensions of the first
and second chips IC1, IC2, it is possible to detect misalign-
ments, in particular rotations, of modest degree.

As shown by way of example in FIGS. 54, 55, it is in any
case possible to arrange the first, second, third, and fourth
coupling capacitors C.;, Cs, Crs, Cry, as well as the refer-
ence capacitor Cr ., in a way different from what has been
described and shown previously. In particular, a different
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embodiment is described in what follows, assuming that the
electrodes of the aforementioned capacitors have a negligible
thickness.

In detail, as shown in FIG. 5a, the first, second, third, and
fourth reception electrodes 12, 112, 212, 312 can all have the
shape, for example, of a square with sides of length d and
parallel alternatively to the axis x" and to the axis y", and be
set on the second top surface S2 in such a way that the
respective geometrical centers Q,;, Q,,, Q,;, Q,, are at the
same distance from a first central point O" of the second top
surface S2, with distance, for example equal to p,. In addition,
the first two of these electrodes, for example the first reception
electrode 12 and the third reception electrode 212, can be set
along a first straight line r1 passing through the first central
point O" and parallel to the axis y", whilst the other two of
them, for example the second reception electrode 112 and the
fourth reception electrode 312, can be set along a second
straight line r2, passing through the first central point O" and
parallel to the axis x". As illustrated, the first and third recep-
tion electrodes 12, 212, as likewise the second and fourth
reception electrodes 112, 312, are set specular with respect to
the first central point O". In addition, the first and third recep-
tion electrodes 12, 212 have geometrical centers Q,,, Q, 5 that
lie on the first straight line r1, whilst the second and fourth
reception electrodes 112, 312 have geometrical centers Q, .,
Q,., that lie on the second straight line r2. Likewise, also the
reception reference electrode 30 can have the shape of a
square with side d and geometrical center coinciding with the
first central point O".

As shownin FIG. 55, also the first, second, third, and fourth
transmission electrodes 10, 110, 210, 310 can all have the
shape, for example, of a square with sides of length d and
parallel alternatively to the axis x' and to the axis y', and be set
on the first top surface S1 in such a way that the respective
geometrical centers Q,;, Q,,, Q,5, Q,, are at the same distance
from a second central point O' of the first top surface S1, for
example, with distance p,. In addition, the first two of these
electrodes, for example, the first and third transmission elec-
trodes 10, 210, can be set with respect to the second central
point O' in a way similar to how the first and third reception
electrodes 12, 212 are set with respect to the first central point
O", but for a translation, respectively, equal to —d/2 and +d/2
along the axis x'. Likewise, the other two electrodes, for
example, the second and fourth transmission electrodes 110,
310, can be set with respect to the second central point O' in
a way similar to how the second and fourth reception elec-
trodes 112, 312 are set with respect to the first central point
O", but for a translation, respectively, equal to +d/2 and —d/2
along the axis y'. The transmission reference electrode 28 can
also have the shape of a square with side d and geometrical
center coinciding with the second central point O'.

In greater detail, assuming a Cartesian reference system
with axes parallel to the axes of the reference system X', y', 7/
and centered in the second central point O', the geometrical
centers Q,;, Q,, Q, Q. have, respectively, co-ordinates
equal to (-d/2,-p,),(-p;,d/2), (d/2,p,) and (p,,~d/2). In addi-
tion, we have:

®

Defining a third straight line r3 and a fourth straight line r4,
which pass through the second central point O' and are par-
allel, respectively, to the axes x' and y', the geometrical cen-
ters Q,, ., of the first, second, third, and fourth transmission
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electrodes 10, 110, 210, 310 do not lie on these third and
fourth straight lines r3, r4. In particular, defining an angle p
with vertex centered in the second central point O' and such
that:

d 1 2
el )

we find that the first and third geometrical centers Q,;, Q,; lie
on a fifth straight line r5 that forms the angle 6 with the fourth
straight line r4, whilst the second and fourth geometrical
centers Q,,, Q,, lie on a sixth straight line ré that forms the
angle p with the third straight line r3.

As shown in FIG. 6a (where for reasons of simplicity the
transmission reference electrode 28 and reception reference
electrode 30 are not shown), in the case of alignment between
the first and second chips IC1, IC2, and assuming that the
first, second, third, and fourth communication signals V.
Ve Vive Y vz have one and the same amplitude V ,, we find
that the first, second, third, and fourth compensated signals
Vour £ Vour es Your £ Vour £a have amplitude
equal to V /2. In fact, in the case of alignment, i.e., in the
absence of rotation and when the first and second central
points O", 0' are aligned with respect to one another, the
capacitance of each of the first, second, third, and fourth
coupling capacitors C,-C, is equal to half the capacitance
of the reference capacitor Cyy, given that the first, second,
third, and fourth transmission electrodes 10, 110, 210, 310
are, respectively, superimposed on the first, second, third, and
fourth reception electrodes 12, 112, 212, 312 with area of
overlapping equal to d%2, i.e., to half of the area of overlap-
ping of the transmission reference electrode 28 and reception
reference electrode 30.

Inthe case of misalignment, as shown in FIG. 65 (where for
reasons of simplicity the transmission reference electrode 28
and reception reference electrode 30 are not shown), each of
the first, second, third, and fourth coupling capacitors C,-
C, introduce a respective capacitance, which has a respec-
tive relation with the capacitance of the reference capacitor
Cizps this relation depends upon the misalignment. Conse-
quently, each of the first, second, third, and fourth compen-
sated signals Vour ra, Vour rs Vour ge Y our_rabas an
amplitude of its own, which can be greater or less than V /2,
according to a direction of translation in which this misalign-
ment occurs, which will be referred to in what follows as
“direction of misalignment”.

It is hence possible to detect the presence or absence of a
condition of alignment considering individually each of the
amplitudes of the first, second, third, and fourth compensated
$ignals Vour ze Vour ev Your ge Your_re and verily-
ing whether the amplitude considered is alternatively equal
to, or greater or less than V /2. In general, even in the case
where the amplitudes of the first, second, third, and fourth
communication signals V., V., Vv, Vo, are not the
same as one another, it is in any case possible to infer, in a way
in itself known, information on the direction of misalignment.
For this purpose, it is possible to compare the amplitudes of
the first, second, third, and fourth compensated signals
Vour £ Vour g» Your £e Vour pa Yespectively, with
the amplitudes of the first, second, third, and fourth commu-
nication signals V... Ve, Vi, Vg divided by two.

On the basis of what is shown in FIGS. 5a, 55, variations
are in any case possible, such as variations in the shape of the
electrodes, as previously described in connection with the
other embodiments.
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FIG. 7 is a functional block diagram of a system 700
comprising a first integrated circuit IC1, and second inte-
grated circuit IC2 coupled to the first integrated circuit IC1,
and an alignment detector 702. In FIG. 7, similar reference
numbers are used to denote elements that are similar to
embodiments of the corresponding elements of FIGS. 2 and
4. The alignment detector is configured to determine whether
the first integrated circuit IC1 and the second integrated cir-
cuit IC2 are properly aligned. For example, the alignment
detector 702 may be configured to determine whether the first
and second integrated circuits are aligned based on the ampli-
tudes of the respective communication signals (as illustrated
Vs ¥V ve) and corresponding compensated signals (as illus-

Inas

tr: ated.VOUT,Eas OUTTEb)' )
As illustrated, the alignment detector 702 comprises one or

more processors 704, one or more memories 706 and discrete
circuitry 708. As illustrated, the discrete circuitry comprises
one or more rectifiers, one or more logic gates, and one or
more comparators, but other or additional discrete circuitry
may be employed. The alignment detector 702 may be con-
figured to use one or more of the processors, memory and
discrete circuitry components to determine whether the first
integrated circuit IC1 and the second integrated circuit IC2
are properly aligned. The alignment detector 702 may be
coupled to signals on the integrated circuits using probes,
traces, and various other methods of electrically coupling
components together, and various combinations thereof. As
illustrated, the alignment detector 702 is separate from the
first integrated circuit IC1 and the second integrated circuit
IC2. In some embodiments the aligment detector may be
partially or wholely integrated into one or both of the inte-
grated circuits IC1, IC2.

FIG. 8 illustrates an embodiment of a system 800 compris-
ing first and second chips IC1, IC2. The first chip IC1 has a
first top surface S1 and the second chip IC2 has a second top
surface S2, and the first and second chips IC1, IC2 are set in
a face-to-face configuration, in such a way that the first and
second top surfaces S1, S2 face one another. For instance,
assuming that the first and second chips IC1, IC2 are formed
by respective bodies of semiconductor material (not shown),
the first and second top surfaces S1, S2 can be defined, respec-
tively, by the bodies of semiconductor material of the first and
second chips IC1, IC2. Alternatively, the first and second top
surfaces S1, S2 can be defined by respective top regions (not
shown) of the first and second integrated circuits IC1, IC2,
arranged on the respective bodies of semiconductor material,
and comprising, for example, metallizations and/or dielectric
layers.

As shown in FIG. 8, the system 800 comprises a plurality of
reference channels 8a-8#n, distributed between the first and
second chips IC1, IC2. As illustrated, the reference channels
8a-8n comprise: respective transmission calibration stages
24a-24n, formed in the first chip IC1; respective reception
calibration stages 26a-26n, formed in the second chip 1C2;
and respective reference capacitors Czzz,-Crzr,, formed by
respective transmission reference electrodes 28a-28% and by
respective reception reference electrodes 30a-307, which
extend, respectively, on the first and second top surfaces S1,
S2.

It is possible to obtain the reference capacitors Cxpp,-
Cisr,, 11 such a way that, when the first and second chips IC1,
IC2 are aligned, they are the same as one another, and hence
have one and the same capacitance, within tolerance levels.
For example, it is possible to form and set the transmission
reference electrodes 28a-28n and the reception reference
electrodes 30a-30% in such a way that they have the same
shapes, respectively. In addition, it is possible to obtain the
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transmission reference electrodes 28a-28#% and the reception
reference electrodes 30a¢-30% in such a way that, when the
first and second chips IC1, IC2 are aligned, their respective
mutual arrangements are the same. In this way, the reference
capacitors Cypzz,-Crzr, may introduce the same attenuation
when the chips are properly aligned (within tolerances).
Other relationships between reference capacitors may be
employed in some embodiments.

As illustrated the transmission calibration stages 24a-24n
comprise respective first reference amplifiers 32a-32n, first
reference circuits 34a-34n, first comparator stages 36a-36z,
and first reference buffers 38a-38%. The first reference ampli-
fiers 32a-32n may be of a variable-gain analog type, and have
an input, an output, and a control terminal. The input of the
respective the first reference amplifiers 32a-32n define
respective first calibration nodes N gz, -Np ., whilst the out-
put of the first reference amplifiers 32a-32# define respective
first first-feedback nodes N, ,-N,, and are coupled to the input
of respective first reference buffers 384-38#, the outputs of
which are coupled to respective transmission reference elec-
trodes 28a-28x. In addition, the output of the first reference
amplifiers 32a-32n are coupled to respective first comparator
stages 36a-36n. The first comparator stages 36a-36n each
have an output and a first input and a second input, the output
of'the first reference amplifiers 32a-32# being coupled to the
first input of the respective first comparator stage 36a-36xn.
The second input of the first comparator stages 36a-361 are
coupled to the respective first reference circuits 34a-34n,
whilst the output of the first comparator stages 36a-36n are
coupled to the respective control terminals of the first refer-
ence amplifiers 32a-32n, in such a way that the respective first
reference amplifiers 32a-32#» and the first comparator stages
36a-36n define respective first feedback loops.

As illustrated, the reception calibration stages 26a-26n
comprise respective second reference amplifiers 40a-40z,
second reference circuits 42a-42n, and second comparator
stages 44a-44n. In what follows it is assumed, for reasons of
simplicity, that the respective second reference amplifiers
40a-407 are the same as one another, even though a person
skilled in the art will be able to implement embodiments even
in the case where respective second reference amplifiers are
different. Possibly, also the first reference amplifiers 322-32»
can be the same as the second reference amplifiers 40a-407.

The second comparator stages 44a-44n may be the same as
the first comparator stages 36a-36%, and hence each have an
output and a first input and a second input. In addition, the
second reference amplifiers 40a-407z may be of a variable-
gain analog type, and each have an input, an output, and a
control terminal. The respective inputs of the second refer-
ence amplifiers 40a-40n are coupled to the respective recep-
tion reference electrodes 30a-30r, whilst the outputs of the
second reference amplifiers 40 define respective first second-
feedback nodes N, -N,, and are coupled to respective first
inputs of the respective second comparator stages 44a-44n.
The second inputs of the second comparator stages 44a-44n
are coupled to respective second reference circuits 42a-42n,
whilst the outputs of the second comparator stages 44a-44n
are coupled to the control terminals of the respective second
reference amplifiers 40a-40% in such a way that the second
reference amplifiers 40a-40n and the second comparator
stages 44a-44n define respective second feedback loops.

The first and second reference circuits 34a-34n, 42a-42n
supply respective first reference voltages and second refer-
ence voltages, each of a D.C. type. The first reference circuits
344-34n and second reference circuits 42a-42n may be
formed by respective bandgap voltage references, commonly
known as bandgap circuits. Although as illustrated each trans-
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mission calibration stage 24a-24n has a respective reference
circuit 34a-34n, in some embodiments one or more transmis-
sion calibration stages 24a-24n could share a reference cir-
cuit. For example, transmission calibration stage 24a and
transmission calibration stage 245 could share a single refer-
ence circuit 34a, and reference circuit 345 could be omitted.
Similarly, as illustrated each reception calibration stage 26a-
26n has a respective reference circuit 42¢-42n, in some
embodiments one or more transmission calibration stages
26a-26n could share a reference circuit. For example, trans-
mission calibration stage 26a and transmission calibration
stage 265 could share a single reference circuit 42q, and
reference circuit 425 could be omitted. Bandgap circuits are
discussed in more detail above.

The system 800 also comprises: a communication channel
802 including a first transmitter stage 2, formed in the first
chip IC1; a first receiver stage 4, formed in the second chip
IC2; and at least one first communications channel 6, which
comprises a first coupling capacitor C, and connects the first
transmitter stage 2 and the first receiver stage 4. The first
coupling capacitor C, is formed by a first transmission elec-
trode 10 and by a first reception electrode 12, which extend,
respectively, on the first and second top surfaces S1, S2. The
first transmitter stage 2 comprises a transmitter circuit 14 and
a first transmission buffer 16, which has an input coupled to
the transmitter circuit 14, and an output coupled to the first
transmission electrode 10.

The first receiver stage 4 comprises a first compensation
amplifier 18 of a variable-gain analog type, a first reception
buffer 20, and a receiver circuit 22. In particular, the first
compensation amplifier 18 has, in addition to a control ter-
minal described hereinafter, an input coupled to the first
reception electrode 12 and an output coupled to the input of
the first reception bufter 20. The output of the first reception
buffer 20 is hence coupled to the receiver circuit 22.

Both the first transmission buffer 16 and the first reception
buffer 20 are such as to be able to drive the loads present on
the respective outputs, in the case in point the first transmis-
sion electrode 10 and the receiver circuit 22. Consequently,
when the transmitter circuit 14 generates a first communica-
tion signal V ,,; of an analog type and of a known amplitude, it
is brought back onto the first transmission electrode 10, with
consequent generation, on the first reception electrode 12, of
a corresponding first received signal V ;1.

On account of the inevitable presence of parasitic capaci-
tors connected to the first transmission electrode 10 and to the
first reception electrode 12, even assuming that the first trans-
mission buffer 16 is ideal, the amplitude of the first received
signal V 5., 1s attenuated with respect to the amplitude of the
first communication signal V.. In practice, the parasitic
capacitors and the first coupling capacitor C, form a capaci-
tive divider that causes an attenuation of the first received
signal V . with respect to the first communication signal
V- To compensate this attenuation either totally or in part, it
is possible to act on the first compensation amplifier 18, by
appropriately varying the gain thereof. For this purpose, the
control terminal of the first compensation amplifier 18 is
coupled to one or more of the reference channels 8a-8#, as
described hereinafter. Although as illustrated, the control ter-
minal of the first compensation amplifier 18 is coupled to only
one of the reference channels, in some embodiments the
control terminal of the first compensation amplifier 18 may be
coupled to more than one of the reference channels. In some
embodiments, additional transmitter 2 and receiver 4 stages
may be employed, each of which may be coupled to one or
more of the reference channels.
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It is also possible to obtain one or more of the reference
capacitors Cz and the first coupling capacitor C, insuch a
way that, when the first and second chips IC1, IC2 are aligned,
they are the same as one another, and hence have one and the
same capacitance. In particular, it is possible to form and set
one or more of the transmission reference electrodes 28a-28»
and the reception reference electrodes 30a-307 in such a way
that they have the same shapes, respectively, as the first trans-
mission electrode 10 and the first reception electrode 12.

In addition, it is possible to obtain one or more of the
transmission reference electrodes 28a-28#% and the reception
reference electrodes 30a¢-30% in such a way that, when the
first and second chips IC1, IC2 are aligned, their mutual
arrangement is the same as the mutual arrangement of the first
transmission electrode 10 and of the first reception electrode
12. In this way, one or more of the reference capacitors
Crera-Crer, and the first coupling capacitor C, introduce
one and the same attenuation. Such a relationship may be
used, for example, as discussed above, to control a gain of the
communication circuit 802, or to determine whether the first
and second chips are aligned.

The first comparator stages 36a-36» may comprise, for
example, embodiments of the comparator stage illustrated in
FIG. 3. The second comparator stages 44a-44r may be simi-
lar to the first comparator stages 36a-367, and supply second
control signals V_,,,,-V .., on the control terminals of the
second reference amplifiers 40a-40n. As illustrated, the con-
trol signal V_,,,,, of one of the reception calibration stages 26»
is coupled to the first compensation amplifier 18.

Operatively, the behavior of an embodiment of the system
800 is now described. It is assumed that the calibration nodes
Nizer-Ngzs, receive a calibration signal V_,, of a time-vari-
able type, which can differ from the first communication
signal V. In some embodiments, different calibration sig-
nals may be applied to the calibration nodes Nz-,-Nz -z,
Alternatively, it is in any case possible to connect first cali-
bration nodes Ny zr,-Ny gz, to the transmitter circuit 14 in
such a way that the calibration signal V_,, is the same as the
first communication signal V.

Present on the respective outputs of the first reference
amplifiers 32a-32n, and hence present on the first first-feed-
back nodes N, ,-N, . is a first reference signal Vg zr.-Vizrr,.
which is likewise present on the transmission reference elec-
trodes 28a-28n. Given the capacitive coupling between the
transmission reference electrodes 28a-28#% and the reception
reference electrodes 30a-30x, at input to the second reference
amplifiers 40a-40n, coupling signals Vizr zv.-Vees zxn
are set up. At output from the second reference amplifiers
40a-407n, and hence on the second-feedback nodes N, -N,,,,
second reference signals Vg zz,-V 2 22, are, instead, present.

Thanks to the first feedback loop, the first control signals
V orxa Y eorron CONtrol the gain of the first reference amplifi-
ers 32a-32» in such a way that the first reference signals
V rzria- VY rer, (time-variable) have amplitudes independent
of the amplitude of the calibration signal V_,; and directly
proportional to the first reference voltages V-V, gener-
ated by the first reference circuits 34a-34r; in other words, the
following respective relations apply: V gz, Ko VaGan- 1
detail, in steady-state conditions, the first control signals
V orxa Y o, @SSUMe constant values that depends upon the
amplitude of the calibration signal V_, and upon the respec-
tive first reference voltage Vz,-Viea,-

Assuming that the first and second reference voltages
Visciam Y 5cran are the same as one another, and that also the
architectures of the first and second comparator stages 36a-
36n, 44a-44n are the same as one another (and hence k
k

la-n

=k), the second reference signals have the same ampli-
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tude and the same temporal evolution as the first reference
signals, which, amongst other things, have the same temporal
evolution as the calibration signal V_,,. In other words, the
second control signals V_,, p v~V .z 3, determine the gains of
the second reference amplifiers 40a-407 in such a way as to
compensate for the attenuation introduced by the capacitive
divider formed by the respective reference capacitors Cyzp, -
Crzrys irrespective of the alignment or misalignment of the
first and second chips IC1, IC2. Thus, it is possible to deter-
mine whether the first and second chips IC1, IC2 are aligned
by determining whether an expected relationship between the
second control signals V_,, g,V .z 1, 15 satisfied. In the case
where the calibration reference channels 8a-8» are identical
(within tolerances), the second control signals V_, z+.-V .-
rx» would be expected to be the same in the case of proper
alignment (again, within tolerances). Of course, other
expected relationships may be employed in some embodi-
ments, such as when one or more of the calibration reference
channels are not identical. As the second control signals V _,,-
Rxa-V .z, are direct current signals, comparing the signals
to determine whether the expected relationship exists and
thus whether the first and second chips IC1, IC2 are aligned is
simplified. In the case of misalignment, the second control
signals V_,xxu-Vesrx, Will have a relationship, different
from the expected relationship, which depends in particular
upon the characteristics (degree of a translation and of a
possible rotation) of the misalignment, in a manner similar to
that discussed above.

As illustrated by way of example in FIG. 9, one of a
plurality of transmission reference electrodes 28a and one of
a plurality of reception reference electrodes 30a can be set at
the center, respectively, of the first and second top surfaces
S1, S2 of the first and second chips. In addition, additional
transmission reference electrodes 285-28¢ and additional
reception reference electrodes 305-30¢ can be set so as to be
centered, respectively, in corresponding vertices of a first
imaginary rectangle and a second imaginary rectangle having
respective centers coinciding with the centers of the transmis-
sion reference electrode 284 and of the reception reference
electrode 30a. In addition, there may for example be present
one or more communications channels (see communication
channel 802 in FIG. 8). The plurality of transmission refer-
ence electrodes and reception reference electrodes may have
various configurations, such as configurations similar to those
of the various electrodes illustrated in FIG. 4.

FIG. 10 is a functional block diagram illustrating an
embodiment of a system 800 configured to test alignment of
first and second chips CC1, CC2. The system comprises a
plurality of calibration reference channels 8a-8#, such as the
calibration references channels illustrated in FIG. 8. A first
reference signal V,,, (for example, generated by a bandgap
circuit), a second reference signal V., , (for example, gener-
ated by a bandgap circuit), and a calibration signal of an
analog type V,, _.., are applied to the calibration reference
channels 8a-8#, and feedback control signals V ,,,,,-V ,,.,, are
output by the calibration reference channels 8a-8%. Two or
more of the feedback control signals V,,,,-V .,..,» alone or
together with other signals, such as Vrefl, Vref2, Vin_cal, one
or communication channel signals (see communication chan-
nel 802 of FIG. 8), etc., may be compared or otherwise ana-
lyzed to determine whether the chips CC1, CC2 are properly
aligned, and if not, the manner in which the chips CC1, CC2
are not aligned.

FIG. 11 is a functional block diagram of an alignment
detector 1100 that may be employed to determine whether a
first integrated circuit (for example, IC1 of FIG. 2, IC1 of FIG.
8), and second integrated circuit (for example, IC2 of FIG. 2
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and IC2 of FIG. 8) are aligned, and if not, the nature of any
misalignment. In FIG. 11, similar reference numbers are used
to denote elements that are similar to embodiments of the
corresponding elements of FIGS. 2, 4, 8 and 10. The align-
ment detector is configured to determine whether the first
integrated circuit and the second integrated circuit are prop-
erly aligned. For example, the alignment detector 1100 may
be configured to determine whether the first and second inte-
grated circuits are aligned based on the calibration reference
channel control signals (as illustrated V_,;,-V_,z,), Which
may be direct current signals. In some embodiments, one or
more other signals may be employed by the alignment detec-
tor 1100 to determine whether the first and second integrated
circuits are aligned. For example, calibration signals (such as
Vii_car Viens Viep), amplitudes of respective communica-
tion signals (V,, ., V,, not shown in FIG. 11) and corre-
sponding compensated signals (Vour zo» Vour g DOt
shown in FIG. 11), etc., may be employed.

As illustrated, the alignment detector 1100 comprises one
or more processors 1104, one or more memories 1106 and
discrete circuitry 1108. As illustrated, the discrete circuitry
comprises one or more rectifiers, one or more logic gates, and
one or more comparators, but other or additional discrete
circuitry may be employed. The alignment detector 1100 may
be configured to use one or more of the processors, memory
and discrete circuitry components to determine whether the
first integrated circuit and the second integrated circuit are
properly aligned. The alignment detector 1100 may be
coupled to signals on the integrated circuits using probes,
traces, and various other methods of electrically coupling
components together, and various combinations thereof. In
some embodiments, the alignment detector 1100 is separate
from the first integrated circuit and the second integrated
circuit (see FIG. 7). In some embodiments the aligment detec-
tor may be partially or wholely integrated into one or both of
the integrated circuits.

The advantages that embodiments of the present disclosure
may provide emerge clearly from the foregoing description.
In particular, embodiments of the present disclosure do not
require to know precisely the values of capacitance intro-
duced by the coupling capacitors and by the reference capaci-
tor, and hence enables detection of possible misalignments
with a high degree of precision.

It is evident that modifications and variations may be made
to the embodiments described and illustrated herein, without
thereby departing from the scope of the present disclosure.

For instance, the first and second comparator stages 36, 44
can be different from the one described. By way of example,
they can comprise double half-wave rectifiers. In addition,
one or more of the buffers described may be absent.

Likewise, it is not necessary for the first and second chips
IC1, IC2 to be set in face-to-face mode. Again, it is possible
for the first and second reference voltages V5, Vzgs 10 be
different, for example, because the first and second reference
circuits 34, 42 are obtained in substrates of different materi-
als.

It is possible to resort to signals of a differential type,
instead of signals of a “single-ended” type.

Some embodiments may take the form of computer pro-
gram products. For example, according to one embodiment
there is provided a computer readable medium comprising a
computer program adapted to perform one or more of the
methods described above. The medium may be a physical
storage medium such as for example a Read Only Memory
(ROM) chip, or a disk such as a Digital Versatile Disk (DVD-
ROM), Compact Disk (CD-ROM), a hard disk, a memory, a
network, or a portable media article to be read by an appro-
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priate drive or via an appropriate connection, including as
encoded in one or more barcodes or other related codes stored
on one or more such computer-readable mediums and being
readable by an appropriate reader device.

Furthermore, in some embodiments, some or all of the
systems and/or modules may be implemented or provided in
other manners, such as at least partially in firmware and/or
hardware, including, but not limited to, one or more applica-
tion-specific integrated circuits (ASICs), discrete circuitry,
standard integrated circuits, controllers (e.g., by executing
appropriate instructions, and including microcontrollers and/
or embedded controllers), field-programmable gate arrays
(FPGAs), complex programmable logic devices (CPLDs),
etc., as well as devices that employ RFID technology. In some
embodiments, some of the modules or controllers separately
described herein may be combined, split into further modules
and/or split and recombined in various manners.

The various embodiments described above can be com-
bined to provide further embodiments. Aspects of the
embodiments can be modified, if necessary to employ con-
cepts of the various patents, application and publications to
provide yet further embodiments.

These and other changes can be made to the embodiments
in light of the above-detailed description. In general, in the
following claims, the terms used should not be construed to
limit the claims to the specific embodiments disclosed in the
specification and the claims, but should be construed to
include all possible embodiments along with the full scope of
equivalents to which such claims are entitled. Accordingly,
the claims are not limited by the disclosure.

The invention claimed is:

1. A method, comprising:

communicatively coupling first and second integrated

electronic devices together through a plurality of refer-
ence capacitors;

transmitting a plurality of transmission reference signals

on transmission reference electrodes of the plurality of
reference capacitors;

receiving coupling signals on reception reference elec-

trodes of the plurality of reference capacitors;
amplifying said coupling signals, generating a plurality of
reception reference signals;

generating a plurality of reception control signals as a

function of the plurality of reception reference signals;
and

detecting a possible misalignment between said first and

second integrated electronic devices based on the plu-
rality of reception control signals.

2. The method according to claim 1 wherein detecting a
possible misalignment comprises comparing an expected
relation between the plurality of reception control signals to
an effective relationship between the plurality of reception
control signals.

3. The method according to claim 1, further comprising the
step of generating a reception reference voltage, wherein the
generating a plurality of reception control signals comprises
determining a difference between an amplitude of a respec-
tive reception reference signal and the reception reference
voltage.

4. The method according to claim 3, further comprising:

receiving a calibration signal;

amplifying said calibration signal, generating the plurality

of transmission reference signals;

generating a plurality of transmission control signals as a

function of respective transmission reference signals;
and



US 9,147,636 B2

31

controlling levels of amplification of the calibration signal

as a function of said transmission control signal.

5. The method according to claim 4, further comprising:

generating a transmission reference voltage, wherein the

generating a plurality of transmission control signals
comprises determining a difference between an ampli-
tude of the respective transmission reference signals and
said transmission reference voltage.

6. The method according to claim 5 wherein said transmis-
sion reference voltage and said reception reference voltage
have a same voltage level.

7. The method according to claim 5 wherein said steps of
generating a transmission reference voltage and generating a
reception reference voltage comprise using voltage genera-
tors of a bandgap type.

8. The method according to claim 3 wherein determining
the difference between an amplitude of the respective recep-
tion reference signal and the reception reference voltage com-
prises:

generating a first current proportional to the amplitude of

the respective reception reference signal;

generating a second current proportional to the reception

reference voltage; and

integrating in time a current difference proportional to the

difference of said first and second currents.

9. The method according to claim 1, further comprising:

providing said plurality of transmission reference elec-

trodes on the first integrated electronic device; and
providing said plurality of reception reference electrodes
on said second integrated electronic device.

10. The method according to claim 9 wherein said step of
providing said plurality of transmission reference electrodes
comprises forming said plurality of transmission reference
electrodes of a first geometrical shape, and wherein said step
of providing said plurality of reception reference electrodes
comprises forming said plurality of reception reference elec-
trodes of a second geometrical shape.

11. The method of claim 10 wherein the first geometric
shape and the second geometric shape are a same shape.

12. The method according to claim 1, wherein said cou-
pling step comprises providing at least one coupling capacitor
of'a communication channel having a communication trans-
mission electrode and a communication reception electrode
set on respective ones of the first and second integrated elec-
tronic devices.

13. The method according to claim 12, further comprising
the steps of:

transmitting on said communication transmission elec-

trode a communication signal;

receiving on said communication reception electrode a

corresponding communication reception signal;
amplifying said communication reception signal, generat-
ing a compensated signal; and

controlling a level of amplification of said communication

reception signal as a function of one of said plurality of
reception control signals.

14. The method of claim 13 wherein detecting a possible
misalignment is further based on an amplitude of said com-
munication signal and an amplitude of said compensated
signal.

15. The method of claim 4 wherein detecting a possible
misalignment is further based on the calibration signal.

16. A system, comprising:

a plurality of integrated circuits; and

a plurality of reference calibration devices integrated into

the plurality of integrated circuits, each of the reference
calibration devices including:
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areference transmission electrode of a reference capaci-
tor on one of the plurality of integrated circuit;

a transmitter configured to transmit time-variant com-
munication signals communicatively coupled to the
reference transmission electrode;

a reception reference electrode of the reference capaci-
tor on another of the plurality of integrated circuit;

a reception reference variable-gain amplifier having a
first input communicatively coupled to the reception
reference electrode of the reference capacitor and
configured to generate a calibration reference signal;
and

a reception reference gain control block coupled to an
output of the reception reference variable-gain ampli-
fier and configured to generate at least one gain con-
trol signal to control a gain of the reception reference
variable-gain amplifier based on the calibration refer-
ence signal, wherein respective gain control signals of
the plurality of reference calibration devices have one
or more expected relationships when the plurality of
integrated circuits are aligned.

17. The system of claim 16, further comprising:

an alignment detector configured to receive the gain con-
trol signals of the plurality of reference calibration
devices and to determine whether a relationship of the
gain control signals of the plurality of reference calibra-
tion devices is consistent with alignment of the plurality
of integrated circuits.

18. The system of claim 17 wherein the alignment detector

is on one of the plurality of integrated circuits.

19. The system of claim 16 wherein the plurality of inte-
grated circuits is two integrated circuits.

20. The system of claim 16 wherein the reception gain
control block comprises:

a bandgap block configured to generate a reception refer-

ence voltage; and

a comparator configured to determine a difference between
an amplitude of the output of the reception reference
variable-gain amplifier and the reception reference volt-
age.

21. The system of claim 20 wherein the plurality of refer-

ence calibration devices each comprises:

a transmission calibration variable-gain amplifier having a
calibration signal input configured to receive a calibra-
tion signal, a control input configured to receive a gain
control signal and an output communicatively coupled
to the reference transmission electrode;

a comparator block coupled between the output of the
transmission calibration variable-gain amplifier and the
control input of the transmission calibration variable
gain amplifier to form a feed-back loop; and

a bandgap block coupled to the comparator block and
configured to provide a substantially constant reference
voltage.

22. The system of claim 16 wherein the respective refer-
ence transmission electrodes each have a first geometrical
shape, and the reception reference electrodes have a second
geometrical shape.

23. The system of claim 16, further comprising a commu-
nication channel integrated into the plurality of integrated
circuits, the communication channel having:

a communication transmission electrode of a communica-
tion coupling capacitor on one of the plurality of inte-
grated circuits;

a transmitter configured to transmit time-variant commu-
nication signals communicatively coupled to the com-
munication transmission electrode;
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a communication reception electrode of the communica-
tion coupling capacitor on another of the plurality of
integrated circuit devices; and

a communication reception variable-gain amplifier having
a first input communicatively coupled to the communi-
cation reception electrode of the communication cou-
pling capacitor and configured to generate a communi-
cation compensation signal, and a gain control input
coupled to one of the gain control signals generated by
the plurality of reference calibration devices.

24. A device, comprising:

a first integrated circuit having a plurality of transmission
reference electrodes of a corresponding plurality of cali-
bration capacitors, the plurality of transmission refer-
ence electrodes configured to transmit respective time-
variant communication signals; and

a second integrated circuit configured to couple to the first
integrated circuit and including:

a plurality of reception reference electrodes of the plu-
rality of calibration capacitors;

a plurality of calibration amplifiers communicatively
coupled to respective reception reference electrodes
of the plurality of calibration capacitors and config-
ured to generate a plurality of calibration reference
signals; and

a plurality of reception reference gain control blocks
configured to generate gain control signals to control
respective gains of the plurality of calibration ampli-
fiers based on respective outputs of the calibration
amplifiers, wherein the generated gain control signals
have corresponding expected relationships when the
first and second integrated circuits are aligned.

25. The device of claim 24 wherein:

the plurality of transmission reference electrodes include a
center transmission reference electrode, and the other
electrodes of the plurality of transmission reference
electrodes surround the center transmission reference
electrode, have a first shape and are each a first distance
from the center transmission reference electrode; and

the plurality of reception reference electrodes include a
center reception reference electrode, and the other elec-
trodes of the plurality of reception reference electrodes
surround the center reception reference electrode, have a
second shape and are each a second distance from the
center reception reference electrode.

26. The device of claim 25 wherein the center transmission
reference electrode and the center reception reference elec-
trode have a third shape and, when the first and second inte-
grated circuits are aligned, the center transmission reference
electrode and the center reception reference electrode are
superimposed, and the respective surrounding transmission
reference electrodes and surrounding reception reference
electrodes of the plurality of calibration capacitors are par-
tially superimposed.

27. The device of claim 24, further comprising:

an alignment detector configured to determine whether the
first and second integrated circuits are aligned based on
the generated gain control signals.

28. A system, comprising:

a first integrated circuit, including:
means for generating a plurality of time-variant refer-

ence transmission signals;

means for transmitting the plurality of time-variant ref-
erence transmission signals;

a second integrated circuit configured to couple to the first
integrated circuit and including:

34

means for receiving the plurality of transmitted time-
variant reference transmission signals;
means for generating a plurality of reception reference
signals from the received time-variant reference
5 transmission signals; and
means for generating a plurality of gain control signals
to control the means for generating the plurality of
reception reference signals; and
means for determining whether the first and second inte-
grated circuits are aligned based on the generated plu-
rality of gain control signals.

29. The system of claim 28 wherein the means for deter-
mining is on the second integrated circuit.

30. A non-transitory computer-readable medium whose
contents cause at least one electronic device to perform a
method, the method comprising:

transmitting a plurality of transmission reference signals

on transmission reference electrodes of a plurality of
reference capacitors coupling first and second integrated
circuits together;

receiving coupling signals on reception reference elec-

trodes of the plurality of reference capacitors;
amplifying said coupling signals, generating a plurality of
reception reference signals;

generating reception control signals as a function of the

plurality of reception reference signals; and

detecting a possible misalignment between the first and

second integrated circuits based on a plurality of the
reception control signals.

31. The non-transitory computer-readable medium of
claim 30 wherein the method further comprises:

transmitting a first communication signal on a first trans-

mission electrode of a first coupling capacitor;
receiving a first reception signal on a first reception elec-
trode of said first coupling capacitor;

amplifying said first reception signal, generating a first

compensated signal; and

controlling a level of amplification of amplifying said first

reception signal as a function of one of the reception
control signals.

32. The non-transitory computer readable medium of claim
30 wherein the method further comprises: generating at least
one reception reference voltage, and wherein generating the
plurality of reception control signals comprises determining a
difference between an amplitude of at least one of the recep-
tion reference signals and said at least one reception reference
voltage.

33. The non-transitory computer readable medium of claim
32 wherein the method further comprises:

receiving a calibration signal;

amplifying said calibration signal, generating the transmis-

sion reference signals;

generating transmission control signals as a function of

said transmission reference signals; and

controlling one or more levels of amplification of the cali-

bration signal as a function of said transmission control
signals.

34. The non-transitory computer readable medium of claim
33 wherein the method further comprises:

generating a transmission reference voltage, wherein said

step of generating transmission control signals com-
prises determining a difference between an amplitude of
at least one of said transmission reference signals and
said transmission reference voltage.
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